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Description 

The jnetant invgnlion is a catalyzed process for the redistrtoution of linaar, chlorids or hydroxy end-terminated 
polyorganosiloxanes or oycllc potyorganosiJoxanas as dafindd bebw. In an additional embodiment of the instant in- 
5 v(2ntion. the catalyzed redistrtoutlon process rs part of a three-stage process tor producing high yields of cyclic polyor- 
ganosiloxanes as defined below. Effective catalysts for the descr^d processes are alumina, siltca-alumina, and ze- 
olite. 

Current tnduetrial processes for the manufacture of silicone fluids, resins and rubbers typlcalty require es starting 
matenals either hydroxy end-temiinated linear polyorganosiloxanes or cyclic polyorganosibxanes. TTiese polyei- 

10 loxanes can be produced by the hydrolysis of lower molecular weight polyorganohalosiloxanes and dtorgarKxjihalosi- 
tane. This procese results in a polydispersed mixture of cyclic and linear polyorganosiloxanes. Sepaiatton of this poly- 
dispersed mixture, to isolate a desired linear or cyclic fraction, results in an excess of either linear or cydk: materials. 
B8 w^l ae matertate of undesired moiscubr weight Thersfore, a process which allows for converting tineans to cycllcs 
and vice-versa and allows for adjustment of molecular weight of pOlyorganosiloxane chains is desirable to allow re- 

1S covery of these excess sildx&nes. 

lOnown methods for enhancrig the production of cyclic polyorganosiloxanes include cracking of the polyorganosi- 
loxanes, which is capital intensive; vacuum hydrolysis, which has poor enhancement capabilities; and aqueous hy- 
drolysis, which tends to sacrifice chloride recovery. Other methods for enhancing the p/oductlon of cyclic polyor^- 
nosibxanes require the addition of solvents or 6urfou;lanls, which makes recovery of the product more c^cutt and can 

20 eompromlfia product purity. 

There are many reports in the patent literature dealTig with redistribution of polyorganosiloxanes in the presence 
of halosiianes or a halogen substituted siloxane and a catalyst. See. for exannple; Sauer, U.S. Patent No. 2,421,65$. 
Brown, U.S. Patent No. 3.065.252. Brown. U.S. Patent No. 3.101 .361. Brown et al.» U.S. Patent No. 3.162.662. Wege- 
haupt et el., U.S. Patent Mo. 3,549,680, Bennett, U.S. Patent No. 3.642.851. Bakasslan et al.. U.S. Patent No. 

£S 3.646.088, Frey et al.. U.S. Patent No. 4.113,760. 

U5-A 4 113 7^ (corresponding to FR-A 2 357 570) is concerned with a process for redistribution of cyclic poly- 
organosOoxane by the reaction of chlorosilanee with organoslloxanes. The reaction yields linear organoellOKanes. 

EP-A 0 361 274 teaches a method for making cyclic polysiloxanes by feeding Gnear polyorganosiloxsnes to a fixed 
catalyst bed to produce volatile cyclic polysiloxanes and by condensing and reoovering the volatile cyclic polysikxxanes, 

30 TTie catalyst Is an acidto catalyst, for eoeampie acid treated elay. 

The preeant processes offer advantages over previously described processes. The present processes can be 
used not only to enhance the production of cycHc polyorganosllaxanes, but also to control the cyclic content from about 
2eroio greater than 90 weight percent of the product. The described catalysts mnprove the rate of redistribution while 
mlnlmi^g or^ic cleavage. Cyclic pc^yorganoslloxanes as well ae linear, chloride or hycbtsxy end-tenmlnated poty- 

SS organosiloxanee can easily be redistiibutod to more desirable chlorpde^nd tenninated polyorganQsiloxane? of 2 to 5 
sHoxane units. In addition, no solvents or surfactants are required and the catalyst are reacfly avajlat>te and easily 
separated from polyorganosiloxane products. 

The Instant invention is a catalyzed process for the redistribution of linear, chloride or hydroxy end-terminated 
polyorganosiloxanes and cyclic polyorganosiloxanes. In a first embodiment of the instant invention, a polydispersed 

40 mbciure ot linear, chloride or hydroxy ^d-temiinated polyorganosiloxanes is redistributed with an organochlorosilane 
or a linear, chloride end-terminatsd polyorganositoxane of a lower degree of polymerization. In a secorKf emtxxJIment 
of the instant invention, the catalyzed redistnlxitibn process is part of a thrcc^agc process whk:h provides for controlled 
yields of cyclic potyorganosDoxanes. Effective catalysts for the described processes are alumina. sSicMlumfna. and 
zeolite and additionally activatsd carbon for the latter process. 

^ Figure 1 of the drawing lllustrsites the three^tage process described herein. A column 3 is packed with a redistrf- 

butidn catalyst The column 3 is connected to a resen/oir 1 for feeding chlonoslloxanes to the column through a flow 
control device 2, Redistributed products from the column 3 are passed to a hydrolysis reactor 4. of a stirrecHankdesign. 
equipped with a stirring apparatus 5. Hydrogen ch lorids gas ovc^ved in the hydrolysis reactor 4 is passed to a hydrogen 
chloride ecnibber 6. Aqueous 36 v^ight percent hydrogen chloride is fed to the hydrolysis reactor 4 from a resen^dir 

so 9 through a metering device 9 and a hot oil bath 10. to provide make-up acid. The hot oil bath 1 0 heats the aqueous 
acid solution to compensate for heat tost from the evolution of hydrogen chloride gas. A portion of the reactran mixture 
is continuously withdrawn from the hydrolysis reactor 4 and passed to a phase separator 7, Within the phase separator, 
the hydrolysis mixture separates by gravity inio en upper sWcxanB layer and a lower aqueous hydrxagen chloride layer. 
The lower aqueous hydrogen chtonde layer is withdrawn and recycled b&ck to the hydrotysis reactor 4 along with 

55 aqueous make-up hydrogen chloride from reservoir B to maintain the interface level in the ptiase separator 7. The 
siloxane mixture is removed from the top of the phase separator 7 and passed to a flash distillation apparatus 11 . The 
flash distillation apparatus is run under temperature and pressure cortditions which causa cyclic polyorganosiloxanes 
and short- chain chloride end-terminated polyorganosSoxanes to be distilled out from hi^er molecular weight polyor- 
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ganosiloxanee. The higher molecular WBight materiafs are withdrawn from Ihc bottom of the flash distiDation apparatus 
11 and recycted through flow regulator 12 to column 3. The distilled cydte polyorganoslloxanes and ehort-chain, chloride 
end-terminatad polyorganosiloxanes are withdrawn through regulator 13. condensed in water cooled condenser 14 
and cxsiidcted In a sultabia container. 
s In one embodiment, the present invention provides a process for the redistribution of chloride or hydroxyl4erm}- 

nated pofyorganoeibxense. the process comprising: 

(A) contacting a first polydispersed mixture comprtsing siloxanes having the formula 

10 1 1 

R (SiH20)^SiRaR 

where each R ie independently selected from a group consisting of hydrogen, alkyi and euMltUted all^l iGdicale 
of cne to six carbon atoms, Ie either CI or OH. x is a mean value of 1 to 5,000, with a second mixture comprising 
IS ehlorosilanes or chtorosiloxanes of the formula 

CI(StR20)ySiRjCl 

60 where R is as previously described and y is a mean value of 0 to less than x Jn the prQ6Qi\c& of a catalyst which 

facilitates redistribution ol chloroefbxanes. the catalyst being selected from a group consieting of alumina, silica 
alumina^ and zeolite tor 1 to 60 minutes, and 

(B) forming a redistributed mixture comprising chlorosiloxanes of the formula 

(^(SiRgOj^SiRgCI 

where R is as previously described arid 2 is a mean value greater than y and lose than x if is CI or less than x 
t ^ If Ri ie OH, 

30 

Thus, in a first embodiment of the inetant proeese eomprtfies: 
(Ay contacting a first polyciiepereed mixture comprising eithar 
3S (1 ) chlorosiloxanes of (he formula 

CI(SiR20)^SiR2Cl. 

40 (2) hydroxyeilOKBnes of the fonnula 

H0(SiRgO)j^SiR20H, 

45 or 

(3) mbctunee thereof; 

where each R is independently selected from a group consisting ol hydrogen and alkyI and substituted all^l radicals 
of 1 to 6 cartxsn atoms, andjs is a mean value of 1 to 5000; with a second mixlure In the preeenoe of a catalyst; and 

so (B) forming a redistributed chlorosllOKene mixture as defined above. 

R is selected from a group consisting of hydrogen atoms and atlorl and substituted alkyI radicals of 1 to 6 
carbon atoms. The alkyl radica] can t>e, for example, methyl, ethyl, propyl, isopropyl. butyl. iscAutyt, ten-butyl, sec- 
butyl, pentyl or hexyt. Prererred is when each R is flndep^dently selected Tram the group consisting of hydrogen 
atoms and methyl. Most preferred is when R Is methyl. The substituted alkyl radicals i^an be of the general formula 

^ ^A^2>H-i-fi^* where n Is an integer tit>m one to six, the value a Is en Integer fnrtm 1 to 2n+i and x Is a halogen. 

The preferred telogcn is fluorine. The substituted alkyl rac&:a) can be, for example, 3,3»3-tr1fluoropropyl. When 
the substituted alkyl radical is 3.3.3-trinuoropropyt, it is preferred that R be independently selected from the group 
eonetsifng of 3.3.3-tnfluoroprotpyl sn6 methyl. 
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Preferred is whera the chlorosibxanes and hydroxysitoxanes have an average va(ua for x in the ranga of 7 to lOOO. 
Preferred is when alt the R radicals are methyl. 

The first po)ydispereed mixture ot siloxands can be formed, for example, by hydrolysis of diorganodichbrosilane. 
The second mixture comprises chlorosilanes. chtorosiloxanes or a mixture thcroof of the formula: 

6 

where R is as previously described, ^ is a mean value of zero to less than x. Where the first mixlure cxxnprises a 
1Q comb (nation of chtorosliCKanes and hydroxysiloxanes or any combination thereof, an average value for the number of 
siloxane units in all siloxares present. A^. can be determined and^ chosen to fall in a range from 0 to less than Ay. 
The preferred value for^ is zero. Preferred is where the eecorxJ mixture comprises chlorosilanes and chlorosiloxanes 
on »*itch all R radicals am methyl. 

The redistributed mixture comprises chlorosiloxanes of the fomiula 

IS 

where R is as previously desciibdd; 2 is a mean value greater than y and less than x, when the first mixture is chlo- 
zo rosiloxanes; z is a mean value greater than y and less than x+2y when the first mixture b hydroxysiloxanes; and z is 

a mean value greater thany arud less than A^', when the first mixture comprises a combination of chlorosikxcanas and 

hydroxysnoxanes or any combrnalion theioof. The ^lue Ay' Is a mean value equal to plus the mole fraction of the 

hydroxysilox^e tvncs 2y. 

The first polyc^persed mixture and the second mixture are contacted in the presence of a catalyst. 
2tf The catalyst which facilitates redetribution Is selected from a group consisting of alumina, silica alumina, and 

zeolite. Silica-alumina refers to an amorphorus compound containing both siFicon oxides and alumffium oxides. In 

general, the more silicon dioxide prcscm the bwer the catalytic activity of the silica^Jumina. Preferred, is when the 

sifica is lees than about 30 weight percent of the silica alumina corr^und. The term "zeolite* refers to erystalfine 

aluminosilicatesof Qndup lAand Group IIA elements such as sodium, potassium, magnesium and calcium. Thezeoltlss 
so effective In the process of the instant invention can be both synthetic and natural occurring zeolites, for example, as 

described in the Concise Encyclopedia of Chemical Technology. John Wiley and Sons. NY, 1985. pp. 772-774. A 

preferred zeolite is zeolite Y. 

It Is preferred that the catalyst be free of water prior to contact with the chlorosiloxane. W^tcr can be rennoved from 

The catalyst by. for example, a vacuum, heating, treating with gaseous hydrogen tihiortde or treating with a chbroeilane. 
^ The preferred catalyst is alumina. The first and second mixtures may be combined btkJ then fed to a reactor 

containing the catalyst or may be Incflvldually led to a reactor containing the catalyst. 

Contact of the catalyst with the chlorosiloxanes can be effected by standard means for contacting tiqulcte with 

solidSj for example, a batch process or a continuous-flow process. The process can be conducted, for example, in a 

fixed-bed. a stined-bed or a fluid-bed reactor. 
40 The required contact time lor the chlorosiloxands with the catalyst, to effect redistribution, will depend Upon such 

factors as temperature, type of chlorosiloxanes and type of catalyst, in general, contact times between about one to 

60 mtnulee have been found useful Longer contact times may be employed, however, undesirable levels of organic 

cleavage from siHeon may occur. Shorter contact times may result in inadequate radistrbution of the chkvosiksxanes. 

A prefen'ed contact time is about five to 1 5 minutes. 
^ The process can be n/n at a temperature between about O^C. and 200*0. Higher temperatures may be run, but 

these can result in unacceptable levels of organic cleavage from silicon atoms. A preferred temperature range is about 

25*0. to 60'C. 

A preferred contact method is a continuous flow fixed-bed reactor. The volume ratio of the secorxl mbcture to the 
first mbcture can be varied to affect the value z of the redistributed chlorosilane mixture. As the ratio increases z ap- 
50 preaches y. A preferred range for this ratio Is about 0.1 to 30. 

The described process forms a redistributed mixlure comprising chlorosiloxanes of the general fomiula 
Ct(SiR20)Q,SiR2CI. as previously described, with a mean value for the number of siloxsne units ol z. The value z is 
greater than ^ and less than x. x-fZy. or A,', depertomg lipon the composition of the ttrst mixture. ~ " 
A eacond embodiement of the Instant Invention is a three-etage process for preparing cyclic siloKanes. the piocess 
55 comprising: 

(A) contacting a first mixture comprising chlorosOoxanes the formula 
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CI(SIR20)^SIR2CI 

where each R Is independently selected from a group consisting o1 hydrogen atoms and alky I and substituted alkyl 
5 radicals of one to six carbon atoms and x is a mean value ot one lo 5000; with a second mixture comprising 

chlorosllanes and chkxosnoxanss o^ the fomiula 

CI(5iR20)pSiR2CI 

10 

where R is as previously described and£ le a mean value of zero to 7; in the presence of a catalyst which radntates 
redistribution of chlorosilaxanes selected from a group consisting of alumina, siGca alumina, zeolite, and activated 
carbon \ 

(B) forming a redistributed mbctune oomprising chlorosiloacanee of the formula 

CI(SiRga)^^SiR4CI 

where R is as previously descr2)ed and o is a mean value within a range of greater than zero and Kese than seven; 
20 (C) hydrolyzing the redistributed mixture of chlorosilaxanes to form a hydiolysate comprising cyclic s0Qxanes of 

the formula 

es 

uAiere R is as pnaviousty described and g is a mean value of three to 25 artd chlorosiloxanas; 

(D) eeparatlngihe cyclic sikncanss from the chforosnoxancs; and 

(E) recycHng the chloroellcxane» ae a f aed to step (A). 

so A method for corxlucting this three-stage process is represented schematica]^ in Figure 1 . 

The process comprisee contacting a Rrsi mixture compri^g chlorosDoxanes of formula CI(SIR20),SIR2C( and 
hydroxysiloxanBs of the formula HO(SiR20}xS^OH, or any mixture thereof; as prevbusly descrbed, with a second 
mixture comprising chlorosHanes and chlorosilaxanes of formula 

CI{SIR^)pSIR2CI, Where R Is as previously described and£ is an average value within a range erf 0 to 7, In the presence 
3S of a catal^t which facOitates redisbibutkxi of chforosiloxanes. selected from a group consisting of alumina, silica alu* 
mina, zeolite and activated carfocn. The latter cataJyst can be c&rt)on activated by treatment with anhydrous acid or 
chlorosilane. The catalytte activity of the activated carbon can be improved by bubbling gaseous hydrogen chloride 
through the carbon bed while conducting the redistribution processes de$cr%>ed herein. 
A preferred value for x in the three*stage process is in the ran^ of one to 1 00. 
«o A rec&tributed mixture comprising chlorosiioxanes of the formula Ct(SIR20)pSiR2CI is formed, where R is as pre* 

viouely described and o is an average vaJus within the range of 0 to 7. The catalysts, process temperature and contact 
Umee are as previouely described. The method of contacting the first and second moctures and the cataJyst are as 
previously described. 

TTie redistributed mbcture of chbrosIIOKanes Is fed to a hydrolyels process where a hydrotysate is formed comprising 
^ cyclic eiloxanes of the formula (HgSiO)^ where ^ is an average value m a lange of 3 to 25. chtorosIlaxanBs of the 
formula CI(SiR20)m$jF)2CI and hydroxysiloxanes of the formula H0(SiRgP)^SiR20H, as previously described. The 
hydrolysis reaction Is run in the pres&ice of stoichiometric or excess water fn relatSon to the moles of chloride m the 
chlorosiioxanes to be redistributed. In general, the amount of excess water will be dictated by the method of chloride 
recovery, whether anhydrous or aqueous. The hydrolysis reaction can be run by standiard methods, for example, in a 
so continuous stirred tank reactor (CSTR), plug-flow reactor, fixed-tied reactor or a fluitfized^^ed reactor. 

In the third stage ot the instant process, the cycHic siloxanes are separated from the chlorosibxanes and hydrox* 
ystJoxanesL This separation can bo effected by first causing a phaso separation of the hydrolysaie into an aqueous 
hydrogen chloricte phase and a stioxane phase. Phase separation may be accomplished by gravitaUonai methods such 
as settling or centrif ugatbn. The recovered aqueous hydrogen chbride phase can be recycled to the hydrolysis reactoc 
55 The siioxane phase can then be separated into a desired cyclic siloxBries fraction and a chlorosiEoxane/hydroxysiloxane 
fraction by standard means such as flash or ootumn cSstillation or fallirrg film evaporstkxi. The chlorosiioxanes and 
hydroxysiloxanes are recycled to the redistribution reactor for redistribution to low molecular weight chloroeiloxanes 
csQiable cf under going hydrolysis to cyclic potyelloxaned. The chtoroslloxanee and hydroxystloxanea rnay be recycled 
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on a continuous or batch basis. A volume retro of the second chlorosilane or chloroeiloxane mixture to the recycled 
chbrosiloxands and hydroxysiloKanes in the range of 1:1 to 100:1 has been found useful. The preferred ratio will 
depend upon the molecular wdtght of the recycled matcr'^, the composition of ihe second mixtura and the dssired 
product A prefen-ed proceed is whore p Is zero. R is maihyl and the vo!uma ratio of the second mixture to the recycled 
s chlorosiloxanes is In the range ofl :1 to 30:1 . 

ExamolQ 1. fNol within (he scope of the Instant Invention^ 

A mixture of dimethyldichtorosilana and chloride end-tarminatad polydimathylsiloxanes. with an average number 
1Q of siloxane units of 2a per polymer chain, was allowed to react at noom temperature for 147 hours. The molar ratio of 
dimethyldichlorosllans to poiydimethylsiloxane was 25:1 . The average number of silaxana units per polymer chain of 
the redistributed mixture was determined by supercritical fluid chromotography (SFC). The sampling tones and the 
results are provided in Table 1 . 

IS Table 1 



£9 



RedisLribution of Chloride End-teroiinatod Polysibxane Polymers in The Absence of Catalyst. 


Time (h) 


Polymer Length 


0 


28.8 


5 


22.7 


51 


13.2 


99 


12.0 


147 


11.2 



25 

The data of Table 1 demonstrate that in the absence of a catalyst the chloride end-ferminated polydimethytstloxanes 
redistribute slowly. 

Example 2 

30 

Various materials were tested for their ability io catalyze the redistribution of a mixture of chloride end^erminated 
pOlydrmethylsiloxanBS and drnethyldichloroalane (DN/SDCS). The test compounds ware soaked overnight in DMC3CS, 
at room temperature, to react away any water present in the catalyst. Chlorida end^emninatad poiydimethytsiloxanes 
with an average number of siloxane units of approwmately 26 were mixed with DMDCS at a molar ratio of 25 moles 
j5 per mole of sfldxane. This mixture of chloride end-termiinated polydimethyl&ilQxanes and DMDCS was then oontaeted 
with the piictrGsied t>ed of catalyst for eight minutes, at a tennperature of ^C. to effect redistribution. The redlslrbuted 
mixture was recovered and analyzed by SFC to datgrnnne the average molecular weight of tha redistributed eilcxanes. 

Table 2 lists the type materials tested and the souitce of each maierlaU Tbsted compounds, as listed in Table 2. 
were purchase from United Catalyst. Inc., Louisvifle. KY; Alfa Ftoducts. Danvers. MA: Norton, Akron. OH; Calgon. 
40 Pinsburg, PA; and Harshaw, Cleveland, OH. 

The percent of linear chloride ond-tenninated poiydimethytsiloxanes in the redistributed mbaure loss than 6 si- 
Icocane units In length is presented urxier the heading '%UnGar<6.* The value is calculated as a percent of all linear 
polydlmetfiytsikJocanBs fn the redistributed mixture. 



Table 2 



Screening of Compounds es Catalysts For Redistribution of Chloride End-terminated PolydimethylstteKanee 


Type Materia} 


%Unear5 <6 


Source 


Alumina 

Silica-Alumina (8.4% SiOs) 
Silica-Alumina (29% SIps) 


96.3 
93,3 
83.6 


United Catalyst Inc. (CS331-1) 
United Catalyst inc. (L2271B) 
United Catalyst Inc. (L2273B) 


Y-Zeoilte 

H-Mordenlte 

Eronite 


S3.9 
4.9 
9.9 


Alfa Products 
Norton 

United Catalyst Ino. 


Activated Caitxxi* 


32.0 


Calgon (BPL) 



* nol wrilfwi Bie saope of Ui6 pi«fi6rt1 &W6AItOA 
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Table 2 (continued) 



Screening of Compounds a$ Catalysts For Rodistribut'ton o1 Chlorida End-ierminated Potydimothylsitoxanes 



Type Matenal %Unear3 <6 Source 



5 



Acid Clay* 18.2 Harshaw Filtrol 



* not wHhin Ae stepb tt ffM pTttMAt inveAUDA 

The data presented in Table 2 demonstrate tho ability of various materials to function as catalysts for tho redistri- 
bution of a mbdure of chloride end4enntnaiBd polydimethylsiloxanas and dimethyldichlorositanes. 



A senes of runs wae oonducted to demonstrate that low molecular weight, chloride end4ermina!ed polydtmethyl 



15 slloxans polymers hydrolyze to cyclic eiloxanes. 

A continuous stirrsd-tank reacior (CSTR) was used. The reactor consisted of a 500 ml 3-neck llask equipped with 
a stirring paddle. The reactor contained a side nozzle from which hydrolysate was oonrtinuously ramovad. The hydro- 
lysaie was gravftadOnaUy phase separated in a separate vessel to a top slloocane phase and a bottom aqueous hydrogen 
chlorlcie phase. The aqueous hydrogen chbrfde phase was recycled to the CSTR Samples of the siloxane phase wore 

£0 collected for analysis by gas chromotography (GO) and SFC. The required heat for the reaellon was provided by heating 
the recycled aqueous hydrogen chloride prtor to retumlrig to the CSTR. 

A series ^ 11 baseline runs was conducted with DMDCS. These runs were conducted at with a mixing 
speed of 600 ipm, a E>MDCS feed rate of 12 ml per minute, and with added 42% weight percent aqueous hydrogen 
chloride. 

2B For comparison, In a second series of runs, morKxjIspcrscd chloride end* terminated polydlmethylsnoxane poly- 

mers (CEB^. where s is the number of Silicon atoms) were hydroiyzed. This series of runs was conducted at SS'C.. 
with a mixing speed of 1100 rpm, a CEB, feed rate of 5 mi per minute, a DMDCS feed lata of 12 ml per minute and 
with added 42% weight percent aqueous hydrogen chloride. TTie CEB^ s and DMDCS where fed separately Ihtoihe 
bottom of the reactor. 

^ The siloxane products fiom the reactor were analyzed by GC. The percent convorsksn of feed; DMDCS or CEE^ 

to product was calculated using the following formula: 



Exampio 3 




Reactants in Feed * Wt^ Reactants in Product 





X 100 



40 



The normalized percent cyclic yield was calculated from the GC or SFC data u^ng the fomiula: 




50 



The percent cyclies of a particular degree of polymercation {%D^ whero s is tho number of silicon atoms in the 
ring) was caicuiated as: 



55 
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X 100 



WtZ Total Cyclics 



The dataforthase runs is prosomod in Table 3. The heading "feed" refers to the DMDCS orchtoridoond^GrminaTed 
TO potydimethylsiloxane (CEB^). Th9 headings % D5, % Conv. and % Cyclic^ are as described above. 



Tabb3 



Linear ChloridD ErKj-terminated Polydimethylsiloxane Hydrolysis to Cyclic Potydimethylsiloxane 


Feed 


% Conv 


% CycEics 




Da 


D4 


Ds 


Db 


OMDCS 


100 


47 


1 


74 


19 


4 


OE62 


100 


43 


1 


72 


20 


5 




6B 


43 


3 


76 


17 


4 




55 


65 


0 


95 


3 


1 


CEBg 


71 


46 


0 


22 


73 


3 


CEBs 


49 


12 


0 


2$ 


21 


53 



The dala presented in Table 3 demonstrate thai linear chloride end-terminated polydimethylslaxanes can be hy- 
droly29d to cyclic species and indicates that the distribution of the cyclics can be influenced by the chain length of the 
chloride end-terminated polydTorganosildxBne. 



Example 4 



35 



40 



A hydrolysate containing high molecular weight (HMW) chJoride end-terminated pofydimethylsiloKanes with an 
average number of about 4C00 slloxane units per polymer chain were redistributed with DMDOS. The hydrotyeate was 
mixed with DMDCS at a volume ratio of 0.6:1 and passed through a column of akimina (United Catalysts. CS331-1) 
held at a tennporature of 40^C. The nssident time within the alumina bad was atx3ut 11.7 maiutes. The product from 
the alumina column was coOected and analyzed by SFC for size distnl)ut'on ctf the siloxanes. The results are presented 
in Table 4. Tiie heading *%HMWP' refers to the percent of chloride end-terminated potydimethylsiloxane In the feed 
or product mixture with an average number of eiloxane unile of about 4000. The heading *%LineaF8<6' relers to the 
percertt of chEoridc end-terminated linears less than six elloxane units in length, as a percent of all linear potydimeth- 
^silaxanes in the product or feed mixture. 

Table 4 



Redistribution of HMW Chloride End-terminated Polydlmethylsiloxanes 




%HMWP 


%Linears<6 


Feed 
Product 


1.2 
<0.1 


0.6 

6ai 



The data demonstrates the ability of alunrtfna to effect redlstilbution of HMW chloride end-termlhated polydimeth- 
50 yteSoxanee with dlmethyldichlorosgane. 



^gamplQS 



A three-stage process was nin. In the first stage of the process, a mbcture of chloride encRerminated polydtmeth- 
ylsaoxane polymers and DMDCS was redistrbutsd n a ptugflow reactor. In the second stage of the process, the 
redistributed siloxans mixture was hydrotyzed in a CSTR reactor «rrHtar to that described in Example 3. In the third 
stage of the process, the hydrolysis mixture of stage 2 was separated Into a cyclic slbxane portion and a linear sUoxane 
portion by flash distillation. The linear sflaxane portion was recycled back to the first stage of the process for further 
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rsdislribution and conversion to cyclic sikKanes. 

In the first stage of the process, a plug-flow rsactor. of conventional design, with a packed bed of alumina (United 
Catalyst Inc. CS331-1), was used to redistribute chloride end-terminated polydimethylsiloxanes with DMDCS to pro- 
duce shon chain, chloiide end-4enntnatoci polydtmethylelloxane^. The alumina catal^t was inltisOy soaked with DM- 

5 DCS to remove water After removal of residual water, additional DMDCS was continuously metered to the redistribution 
reactor at a rate of 6.5 to 7.0 mi per minute. Prior to entering the redistribution reactor, the DMDCS was combined with 
recycled bottom material from the stage 3 flash distillation procedure. The volume ratio of DMDCS to bottom material 
was maintained within the range of 2:1 to 3.1:1. Residence time of the feed materials wfthrn the packed bed of the 
redistribution reactor was approximately B minutes. Samples of the redistributed product were taken and analyzed 

iO using SFC. 

In the second stage Of the process, the short-chain chloride end-terminated polydtmethyteiloxanea produced In 
the redistribution stage were hydrolyzed by conlinuoue feeding to a CSTR similar to thai described in Example 3. A 
co-feed of recycled 42% weight percent aqueous hydrogen chtoride was fad to the C8TB along with the redistribution 
product. A volumetric ratio of approximate 4:1 acid to reefistribution product was used. The liquid level In the C5TH 
IS was controlled at about 250 ml by wfthdraw^g liquid from a side nozzle. The residence time of feed materials in the 
CSTB was about 5 minutes. Agitation of the mbdure within the CSTR was provided by a stimng paddle rotated at 600 
rpm. The CSTR reactor was held at 60<'C. by heating the recycled aqueous hycbogen chloride prior to returning to the 
reactor. The hydrogen chloride gae generated by the reaction was vented at near asmoepherlc pressure directly to a 
standard vent scrubber. 

se The liquid hydrolysis products were continuously taken o8 the side nozzle of the CSTR and allowed to phase 

separate in a separate vessel. The bottom phase. c0nslstir>g of aqueous hydrogen chloride, was recycled to the CSTR 
The top phase, containing a mixture of sibxanes. was fed directly to a flash stripper. The interface level in the phase 
separator was maintained by feeding 36% weight percent aqueous hydrogen chloride to the separator to replenish the 
water used in the reaction. Samples of the slbxane procbjct were taken and analyzed by GC and STC. 

zs In the third phase of the process the sik>xane mixture, separated from the CSTR process, was fed directly into a 

3 liter Rash distillation vessel. The distillatbn vessel was a single^ge flash distillatnn apparatus operating at a tem- 
perature between 2dO^C. and 250^C. and at near atmospheric pressure. The cyclic silcocanes were distilled ofl. con- 
densed and collectedL The Ikjuid level in the distlllalbn vessel was mahtarned by adiusting a bottoms take-off pump 
rate to give a Gquti hold up time of apprcndrnate 30 mkiutes. The entire txyttoms stream was recycled back to the stage 

so 1 redistribution reactor tor chain shortening. Samples of the distfllate and the bottom products ware taken and analyzed 
by SFC. 

The three-stage process was run continuously over a two day period. The averaged results for samples collected 
over this time perkxi are presented In Table 4. The data under the heading '%CEB1-5' is a sumn^on of DMDCS and 
chloride end-terminated polydimethylsiloxane polymers of 1 to 4 sllcDcane units in length, present fai the sample, as a 
3S weight percent of the total sample. The headings "%Cyclk:s' and ■%Conv" are as prevkxisly descrOted. The heading 
'%Cyc&c rield* is calculated as: 



%Cyclle Yiftld 



WT^CyclicS 
%Cpnv/IOO 



] 



X 100 



4S The results are presented in Table 5. 



SO 



SS 



Tables 



Results ol Three-Stage Process 


Stage 


%CEB1«S 


%CycIics 


%Conv 


%CyclcYi6kj 




96.3 


0.7 






2 


12.5 


41.3 


88.9 


48.4 


3 (overtieads) 


1&7 


75.3 




•3 


(Bottoms) 


4.9 


22.1 







The data of l^te 5 demonstrate the ability to achieve efficient operation of a three-stage process for producing 
cycle siloxanes. where non-voiatOe cycHcs and chbrnde end-terminated polydimethytsltaocane Onedrs are recycled to 
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the process. 
Claims 

s 

1. A process for the redistnbiitton of chloride or hydroxyl-tarminated polyorganosiloxanss, the process comprising: 
(A) contacting a first pofydispersed mixture comprising silcaxanes having (ha fomiuta 

R\siR20>,SiRaR' 



10 



where each R is Mependentiy selected from a group consisting of hydrogen, alkyl and substituted alkyi rad- 
ical of one to six cartion atoms, Ri Is either Ct or OH, X Is a mean valuo of 1 to 5.000, iMth a seoond mbdure 
IS comprising ohioroelianes or chbrosSoxanes of the fomiuta 

so where R is as previously described and y is a mean value ol 0 to less than x in the presence d a catalyst 

which facilitales redistribution of chlcmasHoocdnes, the cataiyst being s^cted from a gioup consisting of alu* 
mba, silica alumina, and zeoSte for 1 lo 60 minutBa. and 
(B) forming a redistributed mixture comprising chlorosiioxanes of the formula 

^ Cl(SIRaC0i5Fl2Ci 

where R is as previously described and z is a mean value greater than y and less than x if R^ is CI or lese 
thanx + 2yif Ri is OK 

30 

2. A three-stage process for preparing cyclic siloxanes, the process comprising: 

(A) contacting a first mixture comprising chlorosllGOCBnes of the formula 

^ CI(SiR20)^SiR2Cl 

where each R ts independently selected from a group consisting of hydrogen atoms and aUcyl and sutistinited 
al Icyl radicals of one to six carbon atoms andx is a mean value of one to 5000; with a second mixture comprising 
40 chloro&ilanes and chlorosiioxanes of the formula 

CI(SiR20)p8iR2CI 

45 inhere R is as previously described and Is a mean value of zero to 7; In the presence of a catalyst which 

facilitates redistrS^uUcn of chfoiosnoxanee selected from a group consisting of alumina, silica alumina, zeolite, 
and activated carison ; 

(B) forming a redistributed mixture comprising chlorosibxanes of the formula 

Cl(SiR20)„SiR2Cl 



SO 



where R is as previous^ described and o is a mean valus within a range of greater than zero and less than 
seven: 

{C) hydrolyzing the redisu-ibuted mbaurg of chlorosiioxanes to form a hydrolysate comprising cyclic siloxanes 
of the formula 
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where R is as previously described andg is a mean value of three to 23 and chlorosiloxanes; 
s (D) separating the cyclic siloxarkes from the chlofosilcocanes; and 

(E) rocycling the chksrosilQxanos 86 a feed to dtep (A). 

PatentBnaprucho 

10 

1 . Verfahrcn zur Umverteilung von Polyorgdnosiloxanon mil Chtorid- Oder Hydroxylendgruppen. wobei d^ >ferf ah rcn 
umfaBt, dafi man: 



IS 



(A) ene erste polydisperse Mschung aus Siloxanen der Formel 

R^CSiRgOy^SiR^R"* . 



worfn jeder Rest R unabhangig ausgewahit isi aus oiner Gruppe bestehend aus Wasserstoff, Alkyt- und sub- 
20 stituierten Alkyirdsten mill bis 6 Kohienstoffatonr^, entweder CI Oder OH i&t, x em Mittelwert von 1 bis 

5.000 ist. mit einer zweiten Mischung au6 OhloreUanen Oder ChiorsOoocanen der Fonnel 



CKSiRgOy^SiRaCI. 



25 



worin R w!o vorher beschrieben bl und y ebi Mittelwert von 0 bid weniger aid x l&l in Gegenwart einee Kata- 
lysators, der did Urriverteilung von Chlorsilaxanen erteichtert 1 bis 60 Minutcn lang in Kontakt bringt, wobei' 
der Katalysator ausgeWahIt ist aud dfaier 0 ruppa bdstahand aus Ahiminiumoxid Siliciurndtaxid-AlunrtinjumaKid 
und Zeoltth, und 

so (B) eone umvertellte Mtschung aus QilotsilGKBnen der Formet • 

C1CSiR20)2SiR2C] 

3B bildet. worin R wie vorher beschrieben tot und 2 ein Mittelwert gfoOer y und Kleiner X ist. w$nn CI ist, odor 

Kleiner x + 2y ist, wertfi OH ist 

2. Dreistufiges Verfahren zur Herstellung von cycltschen Siloxanen. wobei das Varfahren umfadt, dal3 man: 

40 (A) eine er&te Mischung aus Chlorsiloxanen der Formal 

ci(sn20)xSiR2Ci. 

48 worin jeder Real R un^bh&iglg ausgewahit ist aus einar Gruppe bestehand aus Wasserstoffatomen und All^- 

und substituierten Alkylreston mit 1 bis 6 KohlanstoDatoman, und x eJn Mhtalwart von 1 bis 5000 ist; mrt eiaar 
zweitsn Mtschiffig aus Chtorsilanen und Chlorsiloxanen der Fomiel 



so 



CI(SIR20)pSIR2t:;l. 

worin 1^ wie vorher beschriebsn ist und p sin Mittelwert von 0 bis 7 ist; in Gegonwart eras Katalysators. der 
die Umvierteilung von OhtoFEiloocanen erlelchterl, ausggwahit aus einer Gmppe bestaherxl auG ABuminiumoxid, 
Siliciumcfioxid-Aluminlumoxid. ZooHth und Aktlvloohle, in Kontakt bringt; 
(B) e uro umvortedte Mischung mit Chtorsiloxdnon der Forme I 

CI(SiR20),8(R2Cl . 
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worin R wie vorher beschneban ist und o sin Mrttehvert tn einem Berelch von groBer 0 und kleiner 7 ist; bikiet; 
(C} die umverteillo Miechung aus Chioreiloxanen hydioJysiert untor Bildung eines HydroJy&ats, das cyciische 
Sitoxanc der Fonnel 

worfn R wl© vortier beschriehen ist und q ein Mltielwert von 3 bis 25 ist und Chforsiloxane umfaQt; 
(D) die cyclischen Siloxano von den Chtoreifoxanen abtrennt und 
fo (E) die ChJorsiloxane als Beschickung in Stufe (A) zuruckfuhit 



Revendi^ion9 

1. Un precede pour la redistribution de polyorsanosilaxanes termines par des atomea da ehlore ou de$ troupes 
hydroxyl0t le proo^ eomprenant : 

(A) la mise en contact d*un premier melange polydispers6 comprenant das aUoxane? repondant a la formule 

oCi chaqud R ddt chciei de mani^ro independante dans rensdmble fomie par Tatomc dtiydrogdne et les radi- 
caux alkyles et alkylas substHu6s comptan! 14 6 atomes de carfoooe, R^ est soft Ci soit OH. x a une valeur 
^ rTx>yenne de 1 6 5000, dvec un dewcieme melange comprenant des chlorosilanes ou das chlonoGiloxanafi 

repondant & la formule 



so 



Cl(SiR20)ySiR3CI 

ou R rfiportd & la mSme d^nrtion que prgc^rmnem et y a una valaur moyanna de 0 d moins que x, en 
preeonod d'un caiatyseur qui faciOte la radlstrbution dee ohloroeiloxanee, b calalyeeur etant cholai dans Pen- 
semble form^ par Talumine, la sOfce-alumine et une ztelfte pendant 1 d 60 minutes, st 
(B) h former un melange redistrft>u6 oompranant des chlorosQoxanas rSpondant h la formule 

CI(SiR20),SiR2CI 



oCi n repond ^ la mmne definition que prdc^demment et 2 a vne valevr moyenne euperieure a y et mtdrioure 
40 Sl X si est CI ou InT^rieure A X + 2y ei est OH. 

2. Un proceda en trofs ternps pour la prdparalion de eiloxanee cycliques. le procede oomprenant las operations 
consistant : 

^ (A) & menre en contact un premier melange comprenant dee chbroellaxanes repondant a la formule 

CI(SiR20)^Sin2Cl 

oCi chaque R est dioisi de mani^ra inddpendante dans Pensembte form6 par I'atomc dliydrog^e et las radi- 
caux alkylas et alkylas substitues comptant 1^6 atomes de cartxma et x a une valeur moyenne de 1 ^ 5000» 
avec un dduxl&me mdiange comprenant des chbrosilanee et das chiorosiioKdnes repondant h la formule 

^ CKSlR^OpSRgCI 

ou R r^pond k la mdme definition que prdc^emment et£ a une vaieur moyenne de 0 a 7. en pr^ence tfun 
catalyseurfacilitant la redistnbution des chsorosiloxanes choisi dans t'ensembfe formd par I'alumine, la eilioe- 
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alumind, une zeolite e\ un charbon actif ; / 

(B) ^ former un mdiangs redtstribuS compronant dos chlorosiloxancs r^pondant k la formula 

^ CKSlR20)^SiR2CI 

ou R rdpond k ta mdmd ddfinftion que prteddemment ^ o a une valeur moyenne eup^rieure d 0 et Infdrieure 

(C) d hydrolyser Is melange da chlorosnoxanes recfistrtbud pour fofmer un hydiolysat oompranant das sikixa- 
10 ncs cycliques r^pondan! h ta formule 

(R»sio), 

t5 OU R fidpond k la mfime definition que precedomment et ^ a une valour moyenne da 3 ft 25 et das 

chlorosiloxan6& : 

(D) h s^parer les siUxxanee cydtquee dee Chlor06i(oxan9& : et 

(E) k recycler las chlorosnoxanes oomme mati&res pnamf^nas pour Topdratron (A). 

so 



25 



30 



OS 



40 



45 



SO 



ss 
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